This research began in response to a decision by the Colorado Governor's Office of Energy Conservation and Management (OEC) and Colorado utility companies to consider making residential grid-tied photovoltaic (PV) systems available in Colorado. The idea was to locate homeowners willing to pay the costs of grid-tied PV (GPV) systems without batteriesC$8,000 or $12,000 for a 2-or 3-kilowatt (kW) system, respectively, in 1996. These costs represented two-thirds of the actual installed cost of $6 per watt at that time and assumed the remainder would be subsidized.
iii willingness to pay for GPV, favorability toward the idea of using GPV on one's own home, and likelihood of seeking further information about GPV.
A total of 3,001 respondents completed questionnaires. Because the sampling frame unavoidably contained undeliverable addresses, townhouse owners, and others not qualified to be respondents, the number of qualified respondents was lower than the number of questionnaires mailed. The overall response rate was approximately 60%. Findings are generalizable to all Colorado single-family owner-occupied households (some 624,000 in all).
Such a large sample was used in order to capture an anticipated small "signal" from homeowners interested in purchasing GPV systems; that is, the prior assumption was that only a few homeowners would be interested in GPV purchase at today's market prices. In fact, the findings indicate a much higher positive response to grid-tied PV than anticipated, despite the costs of the technology presented in the questionnaire.
Descriptive Findings: Knowledge, Favorability, Benefits, Barriers, and Information
A majority of 68% of survey respondents favor GPV being made more widely available to Colorado residents. Respondents know little about GPV, as would be expected. While familiarity and favorability toward GPV are somewhat correlated, there is clearly more favorability than familiarity. At first blush, respondents tend to favor GPV without knowing much about it.
Important perceived benefits of GPV make it seem advantageous compared with conventional energy sources. A bare majority of homeowners (52%) know that coal is Colorado's primary power source, making it less likely that homeowners would attribute as many environmental advantages to PV ownership as they would if they were more aware of the extent of coal use. The survey asked about the importance of 23 potential benefits of GPV. The highest-scoring benefits were divided between long-term environmental benefits, including conserving natural resources, and homeowner financial benefits, including reducing electricity bills right away and long-term savings. Factor analysis resulted in three major dimensions: environmental benefits, financial advantages, and pacesetting advantages of adopting GPV. PV marketing messages should cover these three themes.
The survey presented respondents with 18 potential concerns regarding, or potential barriers to, PV system purchase. Barriers could reduce the perceived relative advantage of buying and owning a GPV system. Initial system cost and maintenance costs are key concerns. Homeowners also care about the reputability of PV manufacturers and vendors. Factor analysis resulted in two components: (1) feasibility of PV systems and reliability of PV providers, and (2) local conditions that might be problematic, such as codes or covenants prohibiting PV adoption, what friends and neighbors might say, or the amount of space needed at one's home for a PV system. The survey explored 15 potential information needs and 24 information sources concerning GPV system purchase. Homeowners need information about concerns and benefits of PV ownership. The top-scoring information needs were savings on utility bills; amount of electricity the PV system will produce; and battery costs, maintenance, and disposal. Factor analysis was performed on the information-needs variables, resulting in three important components: PV product available to customers, financial aspects of PV system purchase and ownership, and benefits of PV use to the community and the world. GPV system marketers should address each of these major themes.
iv
The utility company is the highest rated potential supplier of GPV systems and, for that reason alone, the utility company is an important, even authoritative, information source on GPV. The study's query on information sources had two parts: (1) individual, groups, and organizational sources of information on GPV, and (2) information channels, such as broadcast media or workshops. Both were factor analyzed, with the following results. The highest rated sources of PV information were people who already own PV systems and utility companies. PV manufacturers and suppliers were also a somewhat highly rated source. Three dimensions of information sources were defined: (1) government agencies, (2) local building businesses (such as home builders, local contractors, and home supply stores), and (3) friends and other trusted sources (including environmental organizations).
The highest rated kinds of information are those which give people a chance to see, touch, and experience PV technology, and to talk with those who have already lived with a PV system. Other than these sources, channels requiring people to spend time and money are less highly rated. Print media are more highly rated than broadcast media. These information channels appear to fit well with the technological nature of GPV systems.
Descriptive Findings: Product Attributes
GPV's feasibility for use now is an important attribute. Homeowners rate PV system warranties and durablity as very important. They rate financial incentives, such as rebates or tax credits, to help them purchase a system as highly important, as well as battery options to provide power during a power outage. The potential to keep computers running during an outage appears to be an important attribute in addition to other basic necessities such as heat, refrigeration, and lighting.
Descriptive Findings: Willingness to Pay for Residential GPV and Favorability to Using GPV Data were obtained on four possible scenarios related to obtaining a GPV system, including one scenario that involved no added cost. Larger percentages of respondents than expected are hypothetically interested in paying for various-sized PV systems, with the most interest expressed in systems providing half or all of a household's electricity. About three-quarters of respondents say they would, at least hypothetically, be interested in paying at least something more per month for grid-tied PV. Eleven percent prefer a PV system that provides 100% of a household's electricity at a one-time cost of between $14,000 and $28,000, depending on how much electricity the household uses. Approximately 40% of Colorado single-family homeowners comprise the minimum market for a no-added-cost grid-tied PV system. When asked about subsidies for GPV, more than one-third of this self-described politically conservative sample call for a federal income tax credit to support GPV. Twelve percent say they are opposed to all subsidies. Seventy percent say they would be likely to purchase a subsidized GPV system whose net cost is no higher than what they are currently paying for electricity.
The most popular financing option for GPV system purchase is to pay for a system through the utility bill. Equally popular as second choice are financing through a home mortgage or by paying a PV manufacturer or supplier.
v After responding to several questions on potentially positive and negative aspects of GPV ownership, respondents were asked to consider the idea of using PV on their own homes. A majority of 57% indicate favorability; 25% are neutral; 11% are unfavorable; and 6% don't know. Initially favorable respondents tend to remain favorable to the idea of GPV ownership, even after considering realistic market costs.
Segmenting the GPV Market
In an attempt to reconcile attitudes regarding GPV system features, benefits, and barriers with stated intention to pursue GPV purchase, parallel analyses were conducted using the statistical technique of cluster analysis. A cluster analysis was conducted using the survey's attitudinal data in factor form, and a second cluster analysis was conducted using the survey's outcome variables. The two statistically satisfactory cluster solutions were then crosstabulated in an effort to identify the numbers of homeowners who not only say they would pursue GPV purchase but whose attitudes regarding GPV system features, benefits, and barriers are consistent with their stated intention.
Size and Composition of the GPV Market
The analyses indicate that 16% of the surveyed homeowners simultaneously occupy the two most conceptually receptive predictor clusters and the Highly Likely (to purchase GPV) criterion cluster. This 16% can be considered the core market for near-term GPV purchase because of the congruence of their receptive attitudes toward GPV and their stated intentions of pursuing GPV purchase.
When the projected "next-tier" customer groups were analyzed according to their hypothetical willingness to pay for GPV systems, it was found, not surprisingly, that as net system cost increases, willingness to pay (WTP) declines, especially beyond $50 per month for either a 50% or a 100% GPV system. The size of the immediate market under the 100% system scenario at $100 per month net cost is estimated to be a minimum of about 5,000 Colorado homeowners. At $125 a month net increase in cost for a 100% PV system, the market size is estimated to be a minimum of about 1,300 homeowners.
Conclusions and Recommendations
A market for residential grid-tied PV systems exists in Colorado today. That market is substantial enough for companies to successfully market PV systems to Colorado homeowners. These systems will have to be custom-designed to fit varied customer needs and preferences and different architectural styles and roof surfaces.
In September 1999, Public Service Company offered its customers GPV systems that can be net metered in the price range of $8,000 for a very small system to $45,000 for a 100% system with emergency back-up. These costs are markedly higher than those used in this study to estimate market size in Colorado. Higher costs will slow market acceptance of GPV systems.
Without question, utility practices and government policies will affect the rapidity of GPV uptake, although a few homeowners will go ahead with GPV system purchase regardless of utility or government action. If the State of Colorado or the federal government were to implement substantial financial incentive policies to foster GPV adoption, the size of the potential market for PV residences would increase. Those interested in purchasing a PV system highly subsidized by the government-despite their political conservatism-comprise vi an estimated 6% of Colorado households living in single-family dwellings. Subsidized systems could be made available, for example, through systems benefits charges in connection with utility restructuring.
Aside from substantial legislative intervention on behalf of GPV, utilities will make or break this market. They (and by extension, their contractors) are not only an authoritative source of information about GPV, but they also control net metering policies (unless the state Public Utilities Commission decides to take a favorable and binding stand on net metering). Net metering appears to be one of the most crucial factors in providing financial advantages to homeowners adopting GPV. Many homeowners need to feel that they will break even financially at some point in the future-even if it is in the distant future-before they would purchase GPV. In addition, utilities could stimulate the GPV market by offering their customers financing for GPV system purchase-the means of paying for GPV that homeowners appear to prefer most.
Colorado's homeowners appear ready to learn more, inform themselves, and actively purchase GPV systems. The present situation is highly advantageous to Colorado's institutions-primarily its state government and its utility companies, and also its home builders-if they are ready to move forward on GPV technology. 
